
The CTLA-4 gene polymorphisms are associated with CTLA-4 protein
expression levels in multiple sclerosis patients and with

susceptibility to disease

Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease

of the central nervous system (CNS) that leads to inflam-

matory demyelination and axonal neurodegeneration.1,2

Studies of experimental allergic encephalomyelitis (EAE),

which is an animal model for MS, have demonstrated

that the activation of self-reactive CD4+ T cells in

response to myelin antigens is a crucial event during dis-

ease induction.3,4 Therefore, aberrant immune surveil-

lance seems to be involved in the pathogenesis of this

disease.

Recently, the down-regulatory molecule cytotoxic T-

lymphocyte antigen-4 (CTLA-4) has been suggested to

have a considerable impact on the biology of T-cell

responses in MS.5–9 In fact, CTLA-4 is critical for the

induction of peripheral tolerance and for the deletion of

self-reactive T cells.10–12 Many mechanistic models have

been postulated for CTLA-4 function, which involves

competition with costimulatory CD28 by more effective

ligation of CTLA-4 to their common B.7 ligands, inhibi-

tion of downstream T-cell receptor (TCR) signalling by

the SH2 domain of phosphatases, inhibition of lipid-raft

and microcluster formation, and negative regulation of
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Summary

Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is an important molecule in

the down-regulation of T-cell activation. A study was undertaken to evalu-

ate the association of the CTLA-4 gene polymorphisms )319C/T, +49A/G,

(AT)n, CT60A/G and Jo31G/T with the levels of membrane CTLA-4

(mCTLA-4) and cytoplasmic CTLA-4 (cCTLA-4) in CD4+ T lymphocytes

from patients with multiple sclerosis (MS) and with susceptibility to MS,

and the course of the disease. It was found that the Jo31GG and CT60GG

genotypes were associated with decreased mean fluorescence intensity

(MFI) of total CTLA-4 (mCTLA-4 + cCTLA-4) molecules in CD4+ T cells

from both relapsing-remitting (RR) and secondary progressive (SP) MS

patients compared with others. Consequently, possessing the Jo31G allele

and/or the CT60G allele were associated with susceptibility to MS. The

percentages of cells expressing mCTLA-4 and cCTLA-4 in RR patients

were higher in carriers of the alleles non-predisposing to MS (namely

CT60A and Jo31T), but the percentages of corresponding cells were unex-

pectedly significantly lower in SP patients than in RR patients. Increased

risk of paresthesia and pyramidal signs as a first manifestation of disease,

and earlier transition to the SP form in those patients, was also noted. It

is hypothesized that the decreasing frequencies of cells expressing immu-

nosuppressive mCTLA-4 and cCTLA-4 in carriers of alleles non-predispos-

ing to MS (i.e. CT60A and Jo31T) may lead to inadequate down-

regulation of ongoing T-cell responses in these patients and, as a conse-

quence, earlier progression of disease from the RR form to the SP form.
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the immune response by extrinsic components such as

transforming growth factor-b (TGF-b) and the trypto-

phan-degrading enzyme, indoleamine 2,3-dioxygenase

(IDO).13

After rapid transcription of the CTLA-4 gene following

TCR/CD3 and costimulatory signalling, the majority of

the CTLA-4 protein is found to be located primarily in

the cytoplasmic compartment: in the trans-Golgi network

(TGN), in endosomes, in secretory granules and in lyso-

somal vesicles, and only a small portion is transiently

expressed on the T-cell surface during activation. Accord-

ing to a recently proposed mechanism of CTLA-4 traffick-

ing, newly synthesized CTLA-4 molecules are located in

the TGN, where they associate with the chaperone mole-

cule TCR-interacting molecule (TRIM) or, alternatively,

bind to the clathrin adaptor protein, AP-1, which medi-

ates the translocation of CTLA-4 to endosomal or lyso-

somal vesicles. After T-cell stimulation, CTLA-4

molecules are translocated and released to the cell surface,

a process that is strongly promoted by the presence of

TRIM. Phosphorylation of tyrosine Y201 in the cytoplas-

mic tail stabilizes surface-exposed CTLA-4 and enables

CTLA-4-mediated negative signalling. Dephosphorylation

of Y201 induces the internalization and transport of

CTLA-4 to endosomal or lysosomal compartments via a

clathrin adapter complex (AP-2). Internalized CTLA-4 is

degraded or recycled to the cell surface by secretory

lysosymes.14

The regulation of CTLA-4 expression is pivotal as its

concentration on the cell membrane determines the

strength of down-regulatory signals for T cells. Thus,

maintenance of an optimal surface expression level of

CTLA-4 seems to be crucial for the regulation of T-cell

responses and peripheral tolerance, and for preventing

autoimmunity. As CTLA-4 synthesis depends on the rate

of gene transcription and/or translation, polymorphisms

in the corresponding genes might result in abnormal

expression and function, as well as dysregulated traffick-

ing of CTLA-4 within cellular compartments.

The CTLA-4 gene has been described as a susceptibility

locus for many autoimmune diseases,15–18 but the results

for MS are inconsistent. In some studies, CTLA-4 gene

polymorphisms were found to be associated with MS,

either as single markers19–22 or as part of a haplo-

type.21,23,24,26 In addition, some reports indicated a role

of CTLA-4 gene polymorphisms as potential modifiers of

disease,21,25,26 although other studies did not support a

possible role for the CTLA-4 locus as a susceptibility gene

for MS.27–32

Our attention has focused on five polymorphic sites in

the CTLA-4 gene [one in the promoter region, one in the

first exon and three in the 30 untranslated region (UTR):

)319C/T (rs5742909); +49A/G (rs231775); (AT)n;

CT60A/G (rs3087243); and Jo31G/T (rs11571302). Each

of these polymorphic sites has been reported to be

associated with altered immune responses or susceptibility

to autoimmune disease. At position )319C/T in the pro-

moter region, the T allele has been found to be associated

with greater promoter activity than the C allele.33,34 and

with significantly increased expression of both CTLA-4

mRNA in unstimulated cells and cell-surface CTLA-4 on

activated cells.35 The +49A/G transition causes a Thr/Ala

substitution in the leader peptide.36 This polymorphism

affects the inhibitory function of CTLA-4.37 It has been

suggested that the +49A/G gene polymorphism in the

leader sequence may influence the rates of endocytosis

or surface trafficking.37 Additionally, Anjos et al.38 found

that +49A/G polymorphisms influence the glycosylation

of CTLA-4 and intracellular/surface partitioning. The

presence of a dinucleotide short repeat, (AT)8, at position

642 in the 30-UTR region seems to be associated with a

higher level of mRNA transcription than longer repeats.39

The CT60A/G polymorphism was shown to be a suscepti-

bility marker for Graves’ disease,16,40 and is associated

with variations in the mRNA level of soluble CTLA-4.12

The functional role of the Jo31G/T polymorphism has

not been established, but some recent studies indicate

a role for this polymorphism in susceptibility to auto-

immune disease.40–42

In our recently published study,9 we found abnormal

expression of membrane and intracellular CTLA-4 in

freshly drawn T cells from peripheral blood, as well as

dysregulated responses to ex vivo stimulation in MS

patients compared with healthy individuals. Therefore, we

wanted to determine whether these abnormalities in

CTLA-4 protein expression could be related to CTLA-4

genotypes. We also attempted to verify the possible asso-

ciation between the polymorphisms )319C/T, +49A/G

(AT)n repeat, CT60A/G and Jo31G/T in the CTLA-4 gene

and susceptibility to MS. We evaluated, in addition, the

Jo31G/T gene polymorphism, which, to the best of our

knowledge, has not yet been studied in MS patients,

although some recent studies indicated a role for this

polymorphism in susceptibility to autoimmune disease.40–

42 The clinical relevance of these gene polymorphisms to

gender, age at disease onset, clinical data presented at the

onset of MS, interattack interval and time to secondary

progressive (SP) transition was also investigated.

Materials and methods

Genotyping studies

Patients Two-hundred and thirty unrelated MS patients

(147 women and 83 men), with clinically definite MS

according to the Poser Committee43 classification, were

enrolled in this study. All patients were from the MS

Clinic, Department of Neurology, Wroclaw Medical Uni-

versity. All medical documentation was available from the

records of the MS Clinic. A neurological examination,
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together with an evaluation of severity using Kurtzke’s

expanded disability status score (EDSS),44 was performed

on the day that blood samples were drawn for the genetic

studies. The median age [± standard deviation (SD)] of

the MS patients examined at the time of blood sampling

was 39 ± 10�00 years. The mean age at disease onset in

this group was 30 ± 7�60 years (median ± SD), and the

mean duration of the disease (± SD) was 6 ± 4�38 years.

Disease severity according to the EDSS scale ranged

between 1 and 8 [(median ± SD): 3 ± 2]. As a first symp-

tom of disease, optic neuritis occurred in 48 cases, diplo-

pia in 54 cases, ataxia/vertigo in 43 cases, parenthesis in

31 cases and pyramidal signs in 67 cases. The median

value for interattack intervals (first two relapses) was

19 months. One hundred and seventy-three patients

(75�2%) presented a relapsing-remitting (RR) form of

MS, while 57 patients (24�8%) presented a secondary pro-

gressive (SP) form of MS. The secondary progressive form

of MS was defined when continual worsening of symp-

toms and signs was evident for a period of at least

6 months without superimposed relapses. This resulted in

a change of score on the EDSS scale of at least 0�5 points.

In the later observation, periods of stability could be

recorded but disease was characterized by continuous

progression.45 The median time of progression from the

RR form of MS to the SP form of MS was 6 years. The

control group consisted of 380 gender- and age-matched

healthy subjects. Genetic homogenity of the Polish popu-

lation was observed, as reflected by virtually identical

frequencies of H-Y polymorphisms in different regions

of Poland.46 Informed consent was obtained from each

individual to participate in the study.

Determination of polymorphisms Genomic DNA was iso-

lated from whole frozen blood using the NucleoSpin�

Blood kit (MARCHEREY-NAGEL, Duren, Germany).

The single-nucleotide gene polymorphisms CTLA-

4)319C/T, +49A/G, CT60A/G and Jo31G/T were geno-

typed using polymerase chain reaction (PCR), followed

by single-nucleotide primer-extension reactions with di-

deoxy-NTPs labelled with different fluorochromes corre-

sponding to each allele (ABI PRISM SNaPshot ddNTP

Primer Extension Reaction Kit; Applied Biosystems,

Warrington, UK). Primer sequences used for the first

PCR and the extension reaction, as well as the annealing

temperatures used for the PCRs, are listed in Table 1

(Bionovo, Legnica, Poland).

The CTLA-4 30-UTR containing an (AT)n repeat was

amplified using the primer pairs (listed in Table 1), for

which the 50 end of the forward primers were labeled with

JOE (Bionovo). The PCR mixture and conditions were

the same as described previously.47 The primers were

designed according to the complete CTLA-4 gene

sequence derived from the NCBI Sequence Viewer (http://

www.ncbi.nlm.nih.gov/).

Functional studies

Patients Forty-eight patients (28 women and 20 men),

45 ± 10 years of age (median ± SD) and with clinically

definite MS according to the Poser’s Committee classifi-

cation, were enrolled in the functional study.43 The

patients had not progressed on the EDSS scale, had not

exhibited relapses within the 12 months before exami-

nation and had not received treatment with immuno-

modulatory drugs or corticosteroids during the 1 year

preceding entry into the study. The MS patients were

then subdivided into two groups according to the

clinical course of the disease.45 Twenty-eight patients

(36 ± 9 years, median ± SD) presented the RR form of

MS, whereas 20 patients (48 ± 5 years, median ± SD)

presented the SP form of MS. In the RR group, the

median duration of the disease (± SD) was 6 ± 3 years

and the EDSS ranged from 1 to 4�5 (median ± SD:

3 ± 1). In the SP group of patients, the median total

duration of the disease was 17 ± 6 years (± SD), and

the median duration of the SP form of MS was

7 ± 4 years (± SD). In this group, the EDSS ranged

from 4�5 to 6�5 (median ± SD: 6 ± 0�5). Disease sever-

ity, as judged by the EDSS, was assessed on the day of

blood collection.

The Local Ethics Committee approved this study and

all patients and controls gave their informed consent for

the study procedures.

Cytofluorometry study Peripheral blood mononuclear cells

(PBMCs) were separated and labelled as described previ-

ously by Kosmaczewska et al.9 Data were analyzed using

CELL QUEST software. The results are expressed as the pro-

portion of CD4+ T cells co-expressing the CTLA-4 mole-

cule, and as mean fluorescence intensity (MFI) value,

expressed in arbitrary units (AU). At least 10 000 events

per sample were analysed.

Statistical analyses

Evaluation of the Hardy–Weinberg equilibrium (HWE)

was performed for all study markers by comparing the

observed and expected frequencies of the genotypes using

chi-square analysis. The chi-square test was used to com-

pare the categorical data between patients with MS and

controls. Differences were considered to be statistically

significant if the P-value was < 0�05. An unpaired t-test

was used to evaluate the association between the age at

diagnosis and gene polymorphisms. The interattack inter-

val and time to transition from the RR form of MS to

the SP form of MS were estimated using the Kaplan–

Meier method. The log-rank test was used to compare

the interattack interval and time to transition from the

RR form of MS to the SP form of MS in the two groups.

Haplotype estimation analysis was made using software

� 2009 Blackwell Publishing Ltd, Immunology, 128, e787–e796 e789
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http://analysis.bio-x.cn/myAnalysis.php The linkage dis-

equilibrium (LD) coefficients D0 = D/Dmax and r2 – val-

ues for the pair of the most common alleles at each locus

– were estimated using the software program (http://

202�120�7�14/analysis/myAnalysis.php). As a result of mul-

tiple comparisons of haplotype frequencies, Bonferroni

multiple adjustments were made to the level of

significance.

The cytofluorometric variables analyzed (MFI and

proportion of positive cells) were not normally

distributed. As a consequence, we used a non-paramet-

ric test to analyze the results. The results of expression

of both membrane CTLA-4 (mCTLA4) and cytoplasmic

CTLA-4 (cCTLA-4) in the RR and SP groups were

compared using the Mann–Whitney U-test. The sum-

mary statistics are presented as the median and inter-

quartile range. The level of statistical significance was

set at P � 0�05.

Results

No polymorphism data for the cases and controls demon-

strated deviation from HWE.

Analysis of associations between CTLA-4 gene
polymorphisms and susceptibility to MS

We found that among the five polymorphisms studied,

two (CT60A/G and Jo31G/T) were associated with sus-

ceptibility to MS. A higher frequency of MS patients

carried the CT60G and Jo31G alleles compared with

controls (0�89 versus 0�82, P = 0�03; and 0�87 versus

0�82, P = 0�04, respectively) (Table 2). For the other

polymorphisms [CTLA-4 )319C/T, +49G/A and the

(AT)n repeat], no significant differences were found

in allele and genotype frequencies between cases and

controls (data not shown).

LD and haplotype analysis

The polymorphisms investigated in the 30-UTR were in

strong LD with each other, but the strongest LD was

between Jo31G/T and CT60A/G [(AT)n:CT60A/G D’0�72,

r2 = 0�4; (AT)n:Jo31G/T D’0�65, r2 = 0�3; Jo31G/

T:CT60A/G D’0�89, r2 = 0�75]. Moreover, either CT60A/

G or Jo31G/T were in LD with +49A/G (+49A/G:CT60A/

G D’0�76, r2 = 0�3; +49A/G:Jo31G/T D’0�76, r2 = 0�3). A

haplotype evaluation of all polymorphic sites was per-

formed and the estimated frequencies of the haplotypes

were different in the patients and in the controls (the glo-

bal P-value after the Bonferroni correction was 0�0001).

The haplotype +49A/)319C/(AT)8/CT60G/Jo31G was sig-

nificantly more frequently observed in MS patients and

increased the risk of MS by 10-fold [P = 0�00005; odds

ratio (OR): 10�06; 95% confidence interval (CI): 2�55–

39�60].

Analysis of polymorphisms in the CTLA-4 gene and
clinical MS data

The five polymorphic markers )319C/T, +49A/G,

CT60G/A, Jo31G/T and (AT)n repeats in the CTLA-4

gene were subjected to analysis for correlations with clini-

cal data regarding gender, age at disease onset, initial

manifestation of disease (optic neuritis, ataxia and/or

vertigo, diplopia, pyramidal signs, paresthesia), first

Table 1. Description of the primer sequences and annealing temperature used for cytotoxic T-lymphocyte antigen-4 (CTLA-4) genotyping

Polymorphic

site

Type of

reaction Primer sequence

Product

size (bp)

Annealing

temperature (�)

)319C/T PCR F: 50-TGG TTA AGG ATG CCC AGA AGA TTG-30 247 58

R: 50-TGG TTT TAC GAG AAA GGA AGC CGT-30

SNaPshot F: 50-CAC TTA GTT ATC CAG ATC CT-30 50

R: 50-TGA AGC TTC ATG TTC ACT TT-30

CT60A/G PCR F: 50-CTT CAC CAC TAT TTG GGA TAT AAC-30 290 56

R: 50-AGC AAC ATA GGA CCA CAG GT-30

SNaPshot F: 50-GAC TGC TAT GTC TGT GTT AAC CCA-30 50

Jo31G/T PCR F: 50-AAT AAA CAG TCT GTC AGC AAA GCC-30 214 59

R: 50-ATT CCT CTC AGA GGA AGC TGC TTC-30

SNaPshot F: 50-ATA GGA GCT TTC TCA GTG TAC TGC-30 50

+49A/G PCR F: 50-TTG CCT TGG ATT TCA GCG GCA CAA-30 142 58

R: 50-CAC CTC CTC CAT CTT CAT GCT CC-30

SNaPshot F: 50-GGC TCA GCT GAA CCT GGC T-30 50

R: 50-AGT GCA GGG CCA GGT CCT GG-30

(AT)n PCR (JOE) F: 50-GCC AGT GAT GCT AAA GGT TG-30 82–132 55

R: 50-AAC ATA CGT GGC TGT ATG CA-30

F, forward; PCR, polymerase chain reaction; R, reverse.

e790 � 2009 Blackwell Publishing Ltd, Immunology, 128, e787–e796
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interattack interval and transition into progression from

the RR form of MS to the SP form of MS.

We found that the +49A/G, CT60A/G and Jo31G/T

polymorphisms correlated with the first manifestation of

disease (Table 3): we noticed that the presence of either

the +49A allele or the CT60A allele decreased the risk of

occurrence of diplopia as a first manifestation of the dis-

ease; patients possessing the CT60A allele were more

prone to paresthesia than those who did not possess the

CT60A allele (Table 3); and the presence of CT60A and

Jo31T alleles were associated with an increased risk of

pyramidal signs as a first manifestation of disease

(Table 3). None of the polymorphic markers examined

correlated with gender or age at disease onset.

Kaplan–Meier analysis of CTLA-4 gene polymorphisms

showed no correlation with the first interattack interval,

but demonstrated a significant correlation with time to

transition from the RR form of MS to the SP form of

MS. Median time to transition to the SP form of MS was

10 years for patients possessing the Jo31T allele compared

with 16 years for Jo31GG patients (P = 0�007) (Fig. 1a).

Similarly, disease progression was earlier for patients car-

rying the +49A allele compared with patients carrying the

+49GG allele (10 years versus 16 years, P = 0�014)

(Fig. 1b). Moreover, patients possessing the shortest

alleles – (AT)8 or CT60A alleles – showed a strong trend

towards earlier transition to the SP form of MS (median

time: 11 years versus 16 years, P = 0�07, and 11 years

versus 15 years, P = 0�09, respectively.) (Fig. 1c,d).

Functional study

The expression of CTLA-4 in CD4+ T cells regarding
gene polymorphisms

MFI In both RR and SP forms of MS, stronger expres-

sion of mCTLA-4 and cCTLA-4 was observed relative to

the single cell (as shown by MFI results) in the CD4+

T-cell subset of patients carrying Jo31T and CT60A alleles

than in patients carrying the CT60 or Jo31GG genotype

(P = non-significant) (Table 4). Total CTLA-4 levels

(mCTLA-4 + cCTLA-4) in MS patients (RR + SP) pos-

sessing Jo31T and CT60A alleles were significantly higher

than in Jo31GG and CT60GG patients, as shown in

Table 4. Analysis performed for dinucleotide (AT)n poly-

morphisms showed no significant differences for mCTLA-

4, cCTLA-4 and total CTLA-4, in patients with either RR

or SP forms of MS, or for all MS patients (Table 4.).

Table 2. Jo31G/T and CT60A/G genotype

frequencies in patients with multiple sclerosis

(MS) and in controls

Frequency (%)

P-value

Odds

ratio

95%

confidence

interval

Patients

with MS Controls

Jo31G/T Genotype G/G 85 (37�1) 119 (31�6)

G/T 118 (51�5) 189 (50�1)

T/T 26 (11�4) 69 (18�3)

G+ carriers

G) carriers

GT+GG 203 (88�6) 308 (81�7) 0�03 1�75 1�08–2�84

TT 26 (11�4) 69 (18�3)

CT60A/G Genotype A/A 29 (12�6) 66 (17�6)

A/G 110 (47�8) 180 (48�1)

G/G 91 (39�6) 128 (34�2)

G+ carriers

G) carriers

GA+GG 201 (87�4) 308 (82�4) 0�04 1�66 1�02–2�70

AA 29 (12�6) 66 (17�6)

Table 3. Association between the cytotoxic T-lymphocyte antigen-4 (CTLA-4) gene polymorphisms +49A/G, CT60A/G and Jo31G/T, and the

initial manifestation of multiple sclerosis (MS)

CTLA-4 gene

SNP

Dipopia Paresthesia Pyramidal signs

With

n = 54

Without

n = 176 P OR CI

With

n = 31

Without

n = 199 P OR CI

With

n = 67

Without

n = 163 P OR CI

+49A carriers 0�71 0�84 0�05 0�49 0�24–0�99 0�90 0�79 0�22 2�45 0�71–8�47 0�81 0�81 0�98 0�99 0�48–2�04

CT60A carriers 0�48 0�64 0�03 0�52 0�28–0�96 0�81 0�57 0�01 3�11 1�22–7�91 0�70 0�56 0�05 1�81 0�99–3�31

J031T carriers 0�54 0�66 0�1 0�61 0�33–1�12 0�74 0�61 0�16 1�83 0�78–4�30 0�76 0�58 0�01 2�29 1�29–4�36

CI, confidence interval; OR, odds ratio; SNP, single nucleotide polymorphism.

� 2009 Blackwell Publishing Ltd, Immunology, 128, e787–e796 e791
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Proportion of CD4+ T cells co-expressing CTLA-4 The per-

centage of cells expressing mCTLA-4 and cCTLA-4 in RR

patients was higher in individuals possessing alleles

(CT60A and Jo31T) not predisposing to MS (mCTLA-4:

2�25 versus 0�6, P = 0�05, and 2�20 versus 0�95, P = non-

significant, respectively; cCTLA-4: 3�0 versus 0�9, P =

non-significant, and 3�0 versus 1�1, P = non-significant,

respectively), but for patients with the SP form of MS

possesing CT60A and Jo31T alleles, we observed a ten-

dency for lower proportions of mCTLA-4+/CD4+ T cells

and cCTLA-4/CD4+ T cells compared with carriers of the

CT60GG and Jo31GG genotypes. However, this reduction

reached statistical significance only in comparison with

corresponding RR patients [for mCTLA-4: 0�55 ± 0�57%

versus 2�25 ± 1�83%, P = 0�0005, and 0�6 ± 1�0% versus

2�20 ± 1�93% (median ± SD), P = 0�01, respectively

(Fig. 2); for cCTLA-4: 0�55 ± 4�43 versus 3�00 ± 32�61,

P = 0�005, and 0�60 ± 4�29 versus 3�00 ± 32�83 (med-

ian ± SD), P = 0�02, respectively) (Fig. 3)].

The same pattern was observed for patients carrying

the (AT)8 allele. For patients possessing the shortest allele

(eight repeats), the proportions of CD4+ T cells express-
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Figure 1. Influence of the cytotoxic T-lympho-

cyte antigen-4 (CTLA-4) gene polymorphism

on time to transition from the relapsing-remit-

ting (RR) form of multiple sclerosis (MS) to

the secondary progressive (SP) form of MS.

Kaplan–Meyer estimate of time to transition

from the RR form of MS to the SP form of

MS according to: (a) the Jo31G/T polymor-

phism, (b) the +49A/G polymorphism, (c) the

(AT)n polymorphism and (d) the CT60A/G

polymorphism.

Table 4. Mean fluorescence intensity (MFI) of CD4+ T cells expressing membrane cytotoxic T-lymphocyte antigen-4 (mCTLA-4) or cytoplasmic

cytotoxic T-lymphocyte antigen-4 (cCTLA-4) in patients with relapsing-remitting (RR) and secondary progressive (SP) multiple sclerosis (MS),

in relation to Jo31, CT60 and (AT)n polymorphisms

MFI RR SP RR + SP

Jo31G/T T+ carriers

(n = 16)

T) carriers

(n = 12)

T+ carriers

(n = 15)

T) carriers

(n = 5)

T+ carriers

(n = 31)

T) carriers

(n = 17)

P

mCTLA-4 15�8 + 12�58 13�3 + 14�05 17�0 + 8�15 14�8 + 4�18 16�7 + 10�53 13�9 + 11�87 0�10

cCTLA4 18�2 + 18�88 15�05 + 10�67 23�85 + 16�08 19�3 + 9�90 21�0 + 17�29 15�7 + 10�14 0�03

Total 38�8 + 25�82 29�4 + 20�66 43�55 + 21�63 38�0 + 13�52 39�6 + 23�46 29�6 + 18�46 0�03

CT60A/T A+ carriers

(n = 16)

A) carriers

(n = 12)

A+ carriers

(n = 14)

A) carriers

(n = 6)

A+ carriers

(n = 30)

A) carriers

(n = 18)

mCTLA-4 15�8 + 12�54 13�7 + 14�24 17�65 + 8�28 14�10 + 3�9 16�6 + 10�59 13�7 + 10�31 0�13

cCTLA4 18�1 + 18�69 15�7 + 10�92 24�7 + 16�56 20�15 + 8�97 19�6 + 17�54 18�0 + 9�54 0�09

Total 38�15 + 25�45 29�60 + 21�48 47�40 + 22�10 35�90 + 12�10 39�6 + 23�63 33�8 + 16�72 0�05

(AT)n (AT)8+ carriers

(n = 19)

(AT)8) carriers

(n = 8)

(AT)8+carriers

(n = 14)

(AT)8) carriers

(n = 4)

(AT)8+carriers

(n = 23)

(AT)8) carriers

(n = 12)

mCTLA-4 15�7 + 11�98 14�95 + 6�95 17�65 + 0�42 17�05 + 4�63 16�50 + 10�47 15�60 + 13�84 0�44

cCTLA4 17�7 + 10�97 14�70 + 3�02 24�40 + 47�77 21�25 + 9�39 19�60 + 33�67 17�50 + 11�49 0�21

Total 35�7 + 19�93 29�40 + 24�74 49�6 + 49�15 38�30 + 13�48 38�15 + 36�68 33�80 + 21�01 0�31

The results are expressed as median ± standard deviation (SD).
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ing mCTLA-4 or cCTLA-4 were markedly higher only in

patients with the RR form of MS (2�5 ± 4�46% versus

0�6 ± 1�1%, P = 0�04, and 2�90 ± 24�6% versus

0�5 ± 4�43%, P = 0�15), while in patients with the SP

form of MS, the proportions of CD4+ T cells expressing

mCTLA-4 or cCTLA-4 were non-significantly lower com-

pared with patients lacking the (AT)8 allele (0�6 ± 1�01%

versus 1�0 ± 1�85%, and 0�5 ± 4�43% versus

2�9 ± 1�89%), and significantly decreased in relation to

carriers of the (AT)8+ alleles and who had the RR form of

MS (P = 0�01 and P = 0�02).

Analyses of MFI and of the proportion of CD4+ T cells

co-expressing CTLA-4 could not be performed for the

+49A/G and )319C/T polymorphisms because of the

small number of patients (especially in the SP group),

possesing +49 GG genotype allele and possessing the

)319T allele.

Discussion

In the present study we analyzed the association of five

polymorphic sites in the CTLA-4 gene (one in the

promoter region, one in first exon and three in the 30-

UTR region) with the susceptibility and clinical course of

MS, as well as with the level of both membrane and cyto-

plasmic CTLA-4 molecules in freshly isolated peripheral

blood CD4+ T lymphocytes from RR and SP patients. For

the first time Jo31G/T polymorphisms were studied in

patients with MS. We report an association between

Jo31G/T and CT60A/G polymorphisms and susceptibility

to MS in the Polish population. In particular, we found

that the presence of Jo31G and CT60G alleles predispose

to MS. Our results are in line with those obtained for

other autoimmune diseases, for example Graves’ dis-

ease,16,40 and allergy and asthma,41 in which a significant

prevalence of the Jo31G and CT60G alleles was observed.

In contrast to our findings, other studies26,29,31 found no

association between the CT60A/G polymorphism and sus-

ceptibility to MS; however, significant over-transmission

of the +49G-CT60G haplotype24 or a trend towards

under-transmission of the CT60G allele30 was detected in

MS families. Performed by us, haplotype analysis showed

that CT60G, and Jo31G as a part of haplotype +49A/

)319C/(AT)8/CT60G/Jo31G increased the risk of MS by

10-fold.
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Figure 2. Proportion of CD4+ T cells expressing membrane cyto-

toxic T-lymphocyte antigen-4 (mCTLA-4) in patients with relapsing-

remitting (RR) and secondary progressive (SP) multiple sclerosis

(MS) with regard to: (a) the Jo31G/T polymorphism, (b) the

CT60A/G polymorphism and (c) the (AT)n polymorphism.
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Figure 3. Proportion of CD4+ T cells expressing cytoplasmic cyto-

toxic T-lymphocyte antigen-4 (cCTLA-4) in patients with relapsing-

remitting (RR) and secondary progressive (SP) multiple sclerosis

(MS) with regard to: (a) the Jo31G/T polymorphism, (b) the

CT60A/G polymorphism and (c) the (AT)n polymorphism.
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We did not find any association between the )319C/T,

+49A/G and (AT)n polymorphisms and susceptibility to

MS in univariate analysis. The data in the literature

regarding this point have not been consistent. Ligers

et al.19 found that the CTLA-4)319T allele is less com-

mon among MS patients in comparison with controls,

while many others have demonstrated that the CTLA-

4)319C/T polymorphism does not contribute to disease

susceptibility.20,32,48,49 Some studies have described the

+49A/G polymorphism as a susceptibility locus for

MS,20,24,26,50 although others showed no association.27–29,32

Polymorphism data for dinucleotide (AT)n, obtained by

Roxburgh et al.30 and Kantarci et al.,22 showed only a

trend towards increased transmission of the eight-repeat

allele in MS families, suggesting a weak association of this

polymorphism with MS susceptibility. Recently, Heggarty

et al.26 demonstrated no association of this marker with

the RR form of MS.

We next assessed whether the polymorphisms examined

in this study influenced the clinical course of the disease.

It is believed that some demographic data and early char-

acteristics are of predictive value for the course of MS in

the long term. Younger age of onset and female gender

are believed to be associated with better prognosis.51,52

Clinical manifestations, such as optic neuritis, diplopia,

or sensory disturbances at the time of onset, seem to be

favorable initial manifestations, while cerebellar or pyra-

midal signs indicate poor prognosis.51,53,54 Additionally, a

short interattack interval between the first relapse and the

second relapse indicates unfavourable outcome.54 More-

over, it is well accepted that transition from the RR form

to the SP form of MS indicates an unfavorable prognosis,

demonstrating the irreversibility of the disability.55,56 To

the best of our knowledge, this is the first detailed analy-

sis of the association between the CTLA-4 gene polymor-

phisms studied and the initial manifestations of disease.

We found that the presence of either the +49A allele or

the CT60A allele decreased the risk of occurrence of dip-

lopia as a first manifestation of disease. Furthermore,

patients possessing the CT60A allele were more prone to

paresthesia than those without these markers. The pres-

ence of CT60A and Jo31T alleles was also associated with

the occurrence of pyramidal signs as a first manifestation

of disease, described as a predictor of poor clinical out-

come. Of note, the results from the Kaplan–Meier analysis

demonstrated that the transition time to the SP form of

MS was shorter for patients carrying the Jo31T and

CT60A alleles compared with patients lacking these

alleles. Similarly, disease progression occurred sooner in

patients carrying the +49A allele than in homozygous

+49GG individuals. Our findings, showing a relationship

between alleles non-predisposing to MS and a more

aggressive course of the disease were in agreement with

the results of a previous study performed by Fukuzawa

et al.,57 indicating an association between the non-predis-

posing genotype +49AA and severe clinical disability.

Consistent with other studies,22,30,48,57 we did not observe

any correlation between gender, age at onset and remis-

sion period, and the studied polymorphisms.

In order to explain whether the severity of MS depends

on the genetic determinants of the CTLA-4 gene poly-

morphisms studied, we performed functional studies. We

analyzed our previous data on CTLA-4 protein expression

in CD4+ T cells freshly obtained from patients with MS

in the context of the CTLA-4 gene polymorphisms deter-

mined. We found that Jo31T and CT60A alleles seem to

be truly non-predisposing to MS, as individuals carrying

these alleles had significantly higher levels of total CTLA-

4 expression, assessed by MFI values, in comparison to

patients with GG genotypes, suggesting higher inhibitory

activity in MS patients carrying Jo31T or CT60A alleles.

It is also noteworthy, however, that rapid progression of

MS from the RR clinical form to the SP clinical form, in

patients with Jo31T and CT60A alleles, was accompanied

by a progressively diminishing population of CTLA-4+/

CD4+ T cells possessing the potential to terminate the

ongoing immune response. From our results it seems that

alleles CT60A and Jo31T, despite being non-predisposing

to MS, predispose to a more aggressive course of the dis-

ease. These unexpected observations indicate that the

dynamics of MS depend on the magnitude of the CD4+

T-cell population co-expressing the immunosuppressive

CTLA-4 molecule rather than its density in a single cell.

Similarly, the shortest allele with eight AT repeats, indi-

cated by our group as predisposing patients to earlier SP

progression, was, similarly to Jo31T and CT60A, associ-

ated with lower proportions of mCTLA-4+/CD4+ and

cCTLA-4+/CD4+cells, but with no differences in MFI lev-

els. It might suggest that differences in MFI, caused by

polymorphic features, are associated with predisposition

to disease, while variations in the number of cells are

associated with progression of disease.

We and others42 found very strong LD between

CT60A/G and Jo31G/T polymorphisms; therefore, it

seems impossible to dissect which genetic marker is actu-

ally responsible for the results observed.

In summary, our findings suggest that the dysregulated

CTLA-4 expression in MS patients and T-cell responses

could result, at least in part, from variations at the genetic

level. We clearly show, for the first time, that 30-UTR

polymorphisms of the CTLA-4 gene influence both mem-

brane and cytoplasmic CTLA-4 levels, as measured by

MFI, and in this way they have impact on disease suscep-

tibility. During the progression of disease (assessed by

transition to the SP form of MS), 30-UTR polymorphisms

affect the population of cells expressing CTLA-4. This

may lead to inadequate down-regulation of T-cell

responses in patients with the SP form of MS, at least in

those carrying non-predisposing alleles, and, as a conse-

quence, to earlier disease progression. At this stage, the
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exact nature of our findings is difficult to explain and

requires further investigation.
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